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Abstract 
    The shortage of highly skilled engineers in South Africa is of public knowledge and became one of government’s priorities. 
Although the engineering student numbers increased dramatically over the last 10 years, as high as 290% compared to 1988 
figures(1) , the number of Engineering graduates is very low compared to the industry needs. A major reason for the poor 
performance of the engineering students is the lack of engineering infrastructure at high school level. Also, many engineering 
students lack basic self-study skills which for engineering studies are essential.  In a study carried out at the University of 
Johannesburg by Ionescu(2) over a sample of 114 mechanical engineering technology students, it was found that the lack of 
proper career advising at high school level for many students results in the wrong choice for tertiary education. However, once in 
the system the industrial exposure through work integrated learning  and a proper choice of laboratory experiments for the 
engineering modules can increase the ability of the future engineer to understand his/her profession and successfully finish 
his/her engineering studies.  
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Sakarya University. 
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1. Introduction  
    South Africa as a developing country saw in the last ten years a sharp increase in the industrial investments, 
especially in companies involved in engineering work. The engineering manufacturing and mining fields are seen as 
top revenue generators and job providers. Although there is a general drive to facilitate the access to engineering 
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education of an increased number of high school senior certificates holders, the number of technical university 
graduates is low compared to the entrance numbers. The low number of engineering graduates impacts negatively 
on the engineering manufacturing expansion. The inability of the majority of engineering students to finish their 
studies and obtain the engineering qualification is due to several factors, some going back to the high school 
education. In a study carried out at the University of Johannesburg(2) over a sample of 114 mechanical engineering 
technology students it was found that the lack of career advising combined with the very poor technical 
infrastructure at high schools level, plays a major role in the poor performance of the engineering students. Based on 
the findings there are several steps that can be taken to alleviate to a certain extent the failure rate. On very 
important step is to familiarize the future engineer with his/her profession through industrial exposure and another 
important step is to introduce relevant laboratory experiments for the engineering module, to facilitate the proper 
understanding of the theory.  
2. High school challenges 
    Although the majority of the engineering students are from rural areas, the study carried out on a sample of 114 
mechanical engineering technology students yielded very encouraging results, to the credit of our very poor and 
undereducated rural communities. It was find that in South Africa the parental attitude toward tertiary education is 
very positive as compared to a study done by Felder RM and others(3) at the State University of North Carolina, 
where a poor parental attitude impacted negatively over the number of black American engineering students. 
However the ability of a South African child to enroll for tertiary education is restricted sometime by poverty or 
tradition in the case of female child.  Table 1 reflects the statistics regarding the career choice for the mechanical 
engineering technology students. Although only 21 % of the students had a family role model, 67 % were supported 
by their families to fulfil their dream of becoming an engineer. This clearly shows the parental positive attitude 
toward engineering education. 
Table 1. Career choice statistics (2) 
 
 
A challenge faced by the young engineers to be, is the inability of many high schools due to scarce material 
resources, to meet the modern education demands. Table 2 shows the problems faced by high schools learners who 
opted for engineering career.  
In a similar survey carried out in 2005 on a sample of 418 mechanical and industrial engineering students by D. 
Ionescu and others (4), the findings were very close to the 2014 ones, except for two important issues. The 
engineering subjects offered at high school level increased from 14 % to 26 % but unfortunately the computer 
literacy offered at high school level decreased dramatically from 54 % in 2005 to only 41 % in 2014. This is a very 
worrying situation as the computer literacy is essential for a modern engineering education.  Another change is the 
number of students choosing the high grade mathematics and physical science which increased from 51 % in 2005 
to 81 % in 2014. This change is not as positive as it looks, as the high grade mathematics and physical science 
modules were changed to be more accessible to the average student and the old “standard grade” of these modules 
was not offered any more at high school level. These changes did not have any positive impact on the quality of high 
school graduates as can be seen from the national statistics released by the minister of education in 2012(5).  
 
 
 
Reason for studying engineering 
Family role model Family support toward engineering studies Career choice advice during  high school 
yes no na* yes no na yes no na 
24 80 10 76 35 3 77 36 1 
21% 70% 9% 67% 31% 2% 67% 32% 1% 
Bursary offer only for engineering studies Will be easy to find a job 
* na = no answer 
 
yes no na yes no na 
27 77 10 65 40 9 
24% 67% 9% 57% 35% 8% 
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Table 2. High school challenges statistics (2) 
High school challenges 
HG mathematics 
HG physical science 
(offered at school) 
SG mathematics 
SG physical science 
(student choice) 
High grade mathematics and physical 
science teachers employed at the school 
yes no na yes no na yes no na 
92 20 2 28 76 10 70 21 23 
81% 17% 2% 25% 67% 8% 62% 18% 20% 
Engineering subjects offered at school Aces to computer literacy at school 
Some of the students are from technical 
colleges, which explains the “na” 
regarding high school subjects 
yes no na    yes no na 
30 80 4     47 64 3 
   26% 70% 4%      41% 56% 3% 
 
Figures 1, 2, and 3 show the South Africa’s national senior certificate (NSC) statistics over a period of four 
years(5). 
As can be seen from the graphs in figures 1 and 2 there is a steady decline in the number of full time students who 
entered the senior certificate examination but a sharp increase in the part-time students. The part time students 
represent the students who failed the previous year examination and those who are not full time high school students 
for various reasons.  However, in the end, only 79% (196,090) of the total students enrolled in 2011 were able to 
write the exam. 
 
 Fig. 1. Enrolments NSC Full time candidates 2008 – 2011(5) 
 
Fig. 2. Enrolments NSC Part time candidates 2008 – 2011(5) 
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    The most worrying statistics are presented in figure 3 where in 2011, 46.3 % of the students obtained 30 % in the 
mathematics examination and 53,4 % in the physical science examination respectively. Although the most recent 
statistics (2011 – 2014) are still being processed, the statistics from 2008 – 2011 apply to the current situation (with 
a certain degree of approximation), as different official reports released and the 2013 senior certificate results show 
that the situation did not improve, o contrary in some fields worsened.   
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Candidates’ performance in selected subjects 2008 – 2011 
(at 30% level) (5) 
3. University teaching challenges 
    The statistics in figures 1, 2, and 3, show that there is much work to be done in the future to improve the quality 
of the incoming engineering students. Due to lack of material resources at their school, the new engineering students 
are unprepared for university level teaching. Also their self-study, library use and research skills are inexistent,   
 as shown in table 3 (sample of 114 students)(2). 
       Table 3. University teaching challenges statistics (2) 
University of Johannesburg teaching methods as compared to high school 
Very different teaching method The student is unable coop and feels 
left out 
Self-study time in the library 
yes no na (no 
answer) 
yes no na never everyday average 3 
times/week 
99 17 0 62 47 5 34 20 60 
87% 13% 0 54% 41% 5% 30% 18% 52% 
The ability to access  the library database 
via computer 
Study method (only before tests and 
exams) 
The student has difficulties in 
understanding some subjects 
Yes no na yes no na yes no na 
85 24 5 17 92 5 71 39 4 
75% 21% 4% 15% 81% 4% 62% 34% 4% 
    Although the ability of the new students to self-study and solve problems by themselves or in working groups, are 
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strongly encouraged at the university, due to poor high school teaching the students are unable to do so, hence a very 
high rate of drop-out especially in the junior years. Although 54% of students fell that they cannot keep the pace 
with the teaching rhythm and 62 % have problems understanding some engineering subjects, 34% of the students 
never study in the library where learning material is available, only 18% study every day and 15% study only before 
tests or exams. There is a tendency of perpetrating high school learning methods by limiting oneself to learning 
material and text book recommended by the subject lecturer. The catastrophic unpreparedness of the engineering 
students is reflected in the fact that although 81 % of the students study over the duration of the semester, the drop-
out rate is very high.  
4. Understanding engineering modules through relevant laboratory experiments 
    Beside the poor high school preparation of the students for tertiary engineering education, a bigger problem yet, is 
that many of our students lack completely “hands on engineering” knowledge. For this reason, the work done by the 
students in the laboratories is absolutely crucial. Table 4 shows the students opinion relative to the laboratory work 
integrated in the theoretical module(2). Although the laboratory relevance for engineering modules varies from 79% 
to 87 %, mainly due to the lecturer’s teaching method, 79 % of students agree over the relevance of the laboratory 
work.  
          Table 4. The importance of the relevant laboratory experiments (2) 
The relevance of laboratory experiments in engineering modules   
The students struggle to handle the 
laboratory equipment 
The laboratory experiment is relevant 
for all mechanics of machines modules 
The laboratory experiment is relevant 
for all strength of materials modules 
yes no na (no answer) yes no na yes no na 
6 94 14 92 8 14 98 2 14 
5% 83% 12% 81% 7% 12% 86% 2% 12% 
The laboratory experiment is relevant for 
all fluid mechanics modules 
The laboratory experiment is relevant 
for all thermodynamic modules 
The laboratory experiment is relevant 
for all mechanical engineering 
manufacturing  modules 
Yes no na yes no na yes no na 
98 2 14 99 1 14 90 10 14 
86% 2% 12% 87% 1% 12% 79% 9% 12% 
The integration of the laboratory experiments into module enhanced the students understanding of the module and their 
academic performance  
Yes No Na       
90 10 14       
79% 9% 12%       
 
    In South Africa, the Engineering National Diploma programs have the work integrated learning module as part of 
the qualification. The National Diploma students spend 12 month working in industry before they can graduate, thus 
giving them an important cutting edge on the labour market. The whole year spent in industry is even more relevant 
considering the fact that 96 % of the students do not have family / friend running a business in the engineering field. 
As can be seen from table 5, the experiential training plays a crucial role in helping the students to develop a general 
understanding of the engineering subjects and overcame the hurdles of problem subjects. Unfortunately the student 
placement in industry, especially for P1 training is a huge problem that our Faculty is trying to address, via 
cooperative education and active involvement of industry Advisory Committees, in all aspects of engineering 
department activities (6). Due to a total lack of basic engineering skills of the majority of our students, the placement 
of P1 students is very difficult as the industry tend to see them as a liability. The P2 placement is easier because the 
company use the student as a technician while training, thus adding value in the working place. The industry prefers 
students who completed their two years of academic training and offer them P1 and P2 training over a whole year, 
with the idea of employing the young graduate after the completion of the experiential training. Over a whole year, 
the company can assess the student’s ability to successfully integrate in the working environment (4).  
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          Table 5. The importance of work integrated learning in training the future engineers (4) 
Experiential training, first phase (P1) and second phase (P2) a total of  24 students  
After P1 or P2 work integrated learning  
the general understanding of engineering 
profession was enhanced 
After P1 or P2 work integrated 
learning  the students’ academic 
performance was enhanced 
Did the student have any family member / 
friend running an engineering business? 
yes no na yes no 16% yes no na 
16 3 5 13 5 6 1 23 0 
67% 12% 21% 54% 21% 25% 4% 96%  
5. Conclusions and Recommendations  
Considering the challenges faced by the future engineering students, action should be taken starting from the high 
school right through the tertiary education. Based on the students response to the survey there are several steps that 
should be considered in order to improve the engineering education in South Africa. 
x Develop from high school the learners ability for self-study, 
x Encourage learners to use the school library  facilities where existent, 
x Expand the high schools engineering books library database  
x Introduce engineering workshop classes at high school levels, 
x Bursaries and study loans to be extended for controlled environment P1training payment, to reduce the 
“bottle neck” created by P1 placement. 
x As the Engineering Faculty organizes each year the Open Day, when high school learners visit the 
University and all departments present their program giving career choice advices, the mechanical 
engineering department representatives should start an intensive career advice program in the high schools.  
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